The pattern of ribonucleic acid synthesis during germ cell development, from the stem cell to the mature spermatld, was studied in the mouse testis, by using uridine-H a or cytidine-H 3 labeling and autoradiography. Incorporation of tritiated precursors into the RNA occurs in spcrmatogonia, resting primary spcrmatocytes (RPS), throughout the second half of pachytene stage up to early diplotene, and in the Scrtoli cells. Cells in leptotene, zygotene, and in the first half of pachytene stage do not synthesize RNA. No RNA synthcsis was detected in meiotic stages later than diplotene, with the exception of a very low rate of incorporation in a fraction of secondary spermatocytes and vcry early spermatids. At long intervals after administration of the tracer, as labeled cells develop to more mature stages, late stages of spermatogcncsis also become labeled. The last structures to become labeled are the residual bodies of Regaud. Thus, the RNA synthesized during the active meiotic stages is partially retained within the cell during further devclopment. The rate of RNA synthesis declines gradually with the maturation from type A to intermediate to type B spcrmatogonia and to resting primary spermatocytes, "Dormant" Wpe A spcrmatogonia synthesize little or no RNA. The incorporation of RNA precursors occurs exclusively within the nucleus: at later postinjection intervals the cytoplasm also becomes labeled. In spermatogonia all mitotic stages, cxcept metaphase and anaphase, were shown to incorporate uridine-H 3. RNA synthesis is then a continuous process throughout the cell division cycle in spermatogonia (generation time about 30 hours), and stops only for a very short interval (1 hour) during mctaphase and anaphase.
INTRODUCTION
The distribution of ribonucleic acid (RNA) in male germ cells had been examined in Ascaris (30) , in Lumbricidae (3), in Asellus aquaticus (27) , and in the rat (8, 9) . The submicroscopic structures responsible for the cytoplasmic basophilia in male germ cells have been thoroughly studied (2, 6, 10, 39) . The incorporation of labeled precursors into the RNA during meiosis was studied by Taylor in Tulbaghia (43) and in Lilium longiflorum (44) , and by Pelc (31) in the mouse. In Lilium microsporocytes (44) , accumulation of RNA occurs throughout premeiotic interphase, leptotene, zygotene, and pachytene up to diplotene. In Tulbaghia microspores (43) , synthesis of RNA was not detected during the period of DNA synthesis. In the mouse (31), Pelc reported that adenine-C 14 is incorporated fairly quickly into the RNA of spermatogonia and primary spermatocytes, to a lesser extent in secondary spermatocytes, and very slightly in later stages of spermatogenesis. Since he observed, in that as well as in a previous work (32) , a delay of 1 to 8 days in the incorporation of labeled adenine into the deoxyribonucleic acid (DNA) of the spermatogonia, he inferred that the adenine-C 14 incorporated into the RNA of the spermatogonia is utilized (for a long period of time) for DNA synthesis when a cell enters into the appropriate stage in its cycle. This utilization might proceed via a breakdown of RNA followed by incorporation into DNA, or the RNA might be a precursor for DNA. Pelc is inclined to favor this second hypothesis (31) .
The aim of the present work was to study (a) the pattern and rate of RNA synthesis during germ cell development, from the stem cell to the mature spermatid, (b) the pattern of RNA synthesis during the cell division cycle in spermatogonia, and (c) the cellular sites involved in the synthesis of RNA and the pattern of RNA transfer from nucleus to cytoplasm.
MATERIAL AND METHODS
C3H male mice, 12 to 13 weeks old, weighing 24 to 27 gin, were injected intraperitoneally with 25 or 100 #c of uridine-H 3 (specific activity 1.08 C/raM) or cytidine-H 3 (specific activity 1.30 C/raM), and killed at intervals ranging from 5 minutes to 20 days thereafter. (Both labels were obtained from The Radiochemical Centre, Amersham, England.)
Fixation, Staining Procedures, and A utoradiography
The testes were fixed for 24 hours in Orth fluid, washed for 24 hours in running water, embedded in paraffin, and sectioned at 2 or 4 #. The slides were then treated with 5 per cent trichloroacetic acid (TCA) for 5 minutes at 0°C to remove unincorporated precursors, washed for 2 hours in running water, stained by the periodic acid-Schiff (PAS) method, and autoradiographed by using Kodak NTB2 liquid emulsion. The exposure time was 30 or 60 days. At the end of the exposure period, the sections were processed in Kodak Dll at 20°C for 2 minutes, rinsed in tap water, and cleared in Kodak acid fixer for 5 minutes at 20°C. Nuclear staining with Carazzi hematoxylin was carried out through the autoradiographic emulsion after processing. A few Orth-fixed slides were stained with methyl grecn-pyrouine, after processing. A few testes were fixed in Carnoy's (13 hours), Zenker-formol (24-hours), Susa's (13 hours), or Bouin's (13 hours) and stained either with PAS and hematoxylin or with methyl green-pyronine. A few uninjeeted testes were stained by the Feulgen method. The method of Lcblond and Clermont (22, 23) , modified for the mouse by Oakberg (28) , was used throughout this work for the identification of 12 successive stages (indicated by Roman numerals) during one single cycle of the seminiferous epithelium.
A curious feature was observed in the autoradiographs. The labeling was restricted to the seminiferous tubules located at the extreme periphery of the testis ; the central tubules were completely unlabeled. This finding was observed with all fixatives and staining procedures used. The same feature persisted after increasing the dose to 250 #c of uridine-H a per mouse. With 500 b~c, however, the tubules centrally located in the testis also showed some labeling but the number of grains was much less than in the peripheral tubules. This finding was not an artifact resulting from insufficient penetration of the fixative, but was due to a true lack of incorporation of the precursors into the central tubules of the testis, because (a) it persisted after removing the albuginea from the testes, which causes the tubules to spread apart considerably: in this condition the fixative diffuses very rapidly (within a few minutes) through the whole organ; (b) if the testes were cut longitudinally into two halves, then fixed and sectioned transversally, the labeling was still seen exclusively in the tubules close to the albuginea and not in those along the surface of cut; (c) the same finding was observed after increasing the duration of fixation to 48 hours.
This lack of incorporation in the central part of the testes was observed also after cytidine-H a, which labels both RNA and DNA, but not after thymidine-H a labeling (Monesi, 25) , although in the latter case the outer tubules show a heavier labeling than the inner tubules. In the sections stained with methyl green-pyronine the intensity of the pyronine staining seems to be about the same throughout the testis. Incidentally, an analogous, exclusively peripheral incorporation of uridine-H 3 and cytidine-H 3 was seen in spleen, but not in pancreas or liver (Monesi, unpublished data).
For the above reasons, only the tubules located at the extreme periphery of the testis under the albuginea were chosen for observation.
Digestions
Checks were made on the specificity of isotope incorporation. Some sections from the animals killed 1 to 4 hours after injection of uridine-H ~ or cytidine-H 3 were incubated, after 5 minutes of treatment with 5 per cent TCA at 0°C and 2 hours of washing in running water, with either (a) 0.1 per cent ribonuclease (Light, 5X crystallized) in distilled water, at 40°C, for 4 hours, or (b) 0.01 per cent deoxyribonuclease (Light, I X crystallized) in McIlvaine buffer at pH 6.4 with 0.2 M MgC12, at 37°C, for 24 hours, or (c) both. After enzymatic treatment the slides were rinsed in distilled water, treated again for 5 minutes in 5 per cent TCA at 0°C, and washed in running water for 2 hours before staining or autoradiographing.
RESULTS
The best autoradiographs were obtained using a dose of 100 itc of cytidine-H a or uridine-H 3 per mouse and an exposure time of the photographic emulsion of 60 days. Lower activities or shorter exposures did not yield a sufficiently high grain count in the autoradiographs. The results being described refer to a dose of 100 pc of tritium and to a period of exposure of 60 days. The incorporation of the isotope was very rapid. A few cells showed some label as early as 5 and 15 minutes after intraperitoneal injection. The cell types or cell stages which appeared labeled shortly after injection of uridine-H 3 or cytidine-H 3 were: spermatogonia, resting primary spermatocytes (RPS), middle and late pachytene stages until very early diplotene, the Sertoli cells, and a fraction of resting secondary spermatocytes and young spermatids.
Enzymatic Digestions
The incorporated uridine-H 3 or cytidine-H z (as well as thymidine-H a, unpublished data) was not removed from the cells by incubation in ribonuclease (RNase) or deoxyribonuclease (DNase) after Orth fixation. The same lack of nucleic acid extraction was observed after Zenker-formol fixation.
However, after Bouin, Susa, or Carnoy fixation practically all the incorporated uridine-H 3 was removed by RNase treatment, but not by the DNase treatment. Only a few spermatogonia showed very few grains after RNase digestion. Incorporated cytidine-H 3 was partially extracted by either RNase or DNase treatment, but was completely removed by incubation in RNase followed by incubation in DNase. In the testes of mice given cytidine-H*, the pattern of labeling after digestion with RNase or DNase was the same as that seen after thymidine-H 3 or uridine-H 3 labeling, respectively: the RNase treatment removed completely the radioactivity from those cells which are not engaged in DNA synthesis, that is, from meiotic prophase stages and Sertoli cells (25) ; the DNase treatment reduced the radioactivity from the cells involved also in DNA synthesis (spermatogonia and RPS), but was without effect on those cells which do not synthesize DNA. Incorporated thymidine-H 3 was completely removed by digestion with DNase. These data are thus interpreted as indicating that uridine is incorporated only into RNA, thymidine only into DNA, and cytidine into both. Tests of enzymatic extractions were also performed on slides stained with methyl green-pyronine. The stainability of cytoplasm and nucleoli with pyronine was almost completely abolished by RNase after fixation in Carnoy's, but was only somewhat attenuated after Orth fixation. The same effect of the various fixatives on the enzymatic activity was seen in liver, pancreas, and spleen of the mouse labeled with H~-uridine or H3-cytidine.
The finding that some fixatives prevent the enzymatic extraction of RNA and DNA from tissue sections has been frequently reported in the literature, although the mechanism by which this is brought about remains largely unexplained (1, (16) (17) (18) 42) . The results obtained by Amano (1) in the mouse are somewhat at variance with ours since he observed that RNase and DNase completely removed RNA and DNA, respectively, after fixation in Carnoy's, but not after fixation in liquids containing formalin (Bouin, Orth). In our experiments, on the contrary, incubation in RNase or DNase removed H3-radioactivity also from tissue sections fixed in Bouin's or Susa's.
Spermatogonia
The rate of labeling with uridine-H 3 is not the same for the three Wpes of spermatogonia. The type A spermatogonia, from tubule stage VIII through stage II, are those which show the highest rate of uridine-H ~ incorporation: in 2 it sections almost 100 per cent of them are labeled with about 15 to 40 grains per nucleus 1 hour after injection. There follow intermediate spermatogonia of stages III and IV with a lower grain density (about l0 to 30 grains per nucleus), and then type B spermatogonia of stages V and VI with 5 to 8 grains per nucleus. Within the population of type A spermatogonia, no great difference in the amount of labeling was seen among the four generations of these cells, AI, An, Am and Aw, (see references 25, 26) . However, the "dormant" type A spermatogonia (stem cells) present from stage III to stage VII are mostly unlabeled, and the fraction that is labeled shows a low concentration of grains (about 5 to 10 per nucleus). Previous researches (7, 25, 26) have shown that these cells do not divide and do not synthesize DNA, repre-senting probably the stem cells. It is now shown that they have a very low turnover of RNA also (Figs. 2, 3, 5 to 8, 11, and 12).
Shortly after administration of the tracer (30 and 60 minutes), the silver grains are seen exclusively over the nucleus and are distributed evenly over the entire nuclear area. The labeling remains exclusively nuclear, except for the metaphase and anaphase figures (see below), up to 4 hours after injection and then starts appearing in the cytoplasm. The radioactivity remains, however, mostly nuclear up to 12 hours after injection, and becomes predominantly cytoplasmic only as late as 16 hours. and two generations of spermatids, one at step 6 ($6), the other at step 15 of spermiogenesis. Clearly visible is the acrosomic system of stage 6 spermatids that is represented by a growing head cap centered by the acrosomic granule. FI6URE 4 Stage VII, showing, from the periphery of the tubule to the center, several resting primary spermatocytes (R) (the nucleus is round, smaller than that of type B spermatogonia but very similar in structure), one Sertoli cell (N), an older generation of primary spermatocytes at middle pachytene stage (P), and spermatids at step 7 of spermiogenesis ($7) with a well formed head cap, deeply stained by the PAS method and covering from one-third to one-half of the nucleus. At stage VII, mature spermatids at step 16 are also present, but they are not visible in the figure. After 60 minute labeling with uridine-H 3, all division stages, except very early telophase, are labeled. The label is completely removed by RNase but not by DNase. The amount of uridine-H 3 labeling is about the same in cells in interphase and early and middle prophase, is somewhat less in late prophase and metaphase, becomes zero in very early telophase, and is again detectable in middle telophase, before reappearance of the nuclear membrane. Since metaphase plus anaphase last for about 1 hour (25, 26) , the metaphase figures which appear labeled in a sample taken 1 hour after the administration of the label were very late prophases, just prior to metaphase, at time of injection, and the very early telophases which appear unlabeled were metaphases or anaphases. The conclusion is, then, that RNA synthesis is a continuous process during the cell life cycle in spermatogonia (generation time about 30 hours) and stops only for a very short interval (1 hour) during metaphase and anaphase.
Two and 4 hours after administration of H '~-uridine, all mitotic stages, including early telophases, are labeled. However, whereas interphase and prophase cells are labeled almost exclusively over the chromatin, the cells in metaphase and anaphase are predominantly labeled between, or around the chromosomes, and those in early telophase are labeled over both the nucleus and the cytoplasm. This finding suggests that when the cell enters metaphase, a great part of the chromosomal RNA is suddenly released from the chromosomes to the cytoplasm. Since, on the other hand, the telophase figures are labeled over both the nucleus and the cytoplasm, it seems reasonable to assume that during the reconstruction of the sister nuclei at telophase a part of the cellular RNA becomes included within the nucleus.
Spermatocytes and Spermatids
The incorporation of uridine-H 3 or cytidine-H 3 during meiosis is characteristically stage dependent. Incorporation occurs, at a very low rate (about 5 to 6 grains per nucleus), in primary spermatocytes during the resting phase at tubule stages VII and early VIII, but stops completely during leptotene (tubule stages IX and early X), zygotene (tubule stages X, XI and early XII), and the first half of the pachytene phase (from tubule stage I to stage IV). It resumes in middle pachytene at stage V in a fraction of nuclei with about 4 to 8 grains per nucleus, continues at an increasing rate during late pachytene stage until it reaches a peak at tubule stages VII to VIII, where all nuclei are heavily labeled with about 15 to 30 grains per nucleus, and then decreases at stages IX and X (8 to 12 grains) until it comes to a minimum in diplotene nuclei of stage XI. Diakinesis, metaphase I and metaphase II (tubule stage XII) are completely unlabeled. Only about half of the resting secondary spermatocytes of stage XII show a very light labeling, with about 4 to 6 grains per nucleus. Incorporation of uridine-H a or cytidine-H 3 is almost absent in spermatids, although their cytoplasm does contain numerous RNA granules removable by RNase (our observations and also some electron microscopy reports (6, 10, 40) ). Only after an exposure of 60 days was it possible to count, in a fraction of young spermatids (steps 1 to 7 of spermiogenesis), 4 to 5 grains per nucleus. No incorporation, however, was detected in more mature spermatids, from spermatid stage 8 to 16. ~[he lack of labeling in spermatids is not due to a slow diffusion of the precursors into the inner layers of the seminiferous epithelium, because the late pachytene nuclei, which are frequently intermingled with the spermatids, are heavily labeled (Figs. 1 to 12) .
The labeling detected in meiosis is exclusively nuclear up to 4 hours after injection, begins appearing in the cytoplasm between 4 and 6 hours, but remains still predominantly nuclear up to 14 to 16 hours after the administration of the tracer. Diakinesis, metaphases ~ and II, that are unlabeled at 30 minutes and 1 hour after injection, become labeled at 4 hours and with an increasing rate at later intervals. ~Ihis late labeling does not depend upon a slow rate of incorporation, but is due to the development of the preceding, labeled, meiotic stages into late division stages. However, this radioactivity appearing in meiotic metaphases at 4 or 6 hours after injection is overwhelmingly cytoplasmic, whereas the labeling seen in pachytene and diplotene spermatocytes, at the same intervals, is almost exclusively nuclear. ~I he situation is, then, similar to that found in mitosis, and suggests that the RNA synthesized in the nuclei during late meiotic prophase is suddenly released to the cytoplasm as the cell enters metaphase.
At very long intervals after injection of the precursors, as cells develop to more mature stages, a gradual change in the pattern of labeling was seen. Thus, spermatogonia become progressively unlabeled as they divide and mature to early meiotic prophase and, correspondingly, the latter, which does not synthesize RNA, becomes labeled. Accordingly, as middle and late pachytene stages, which synthesize RNA, develop to spermatids, the latter, which incorporate very little or no RNA precursors, appear progressively labeled. ]-his very late labeling is exclusively cytoplasmic and becomes progressively less with time elapsed after administration of the label. Between 16 and 20 days after injection, the residual bodies, arising by condensation and extrusion of the cytoplasmic remnants of late spermatids, seen in the center of the seminiferous tubule at stages VIII and IX, become heavily labeled. The residual bodies contain, in fact, a large amount of RNA, as shown by their very intense stainability with pyronine that is completely removed by ribonuclease (6, 8, 9, 20, 41 , and our observations), and by electron microscope observations (6, 20, 40 ). It appears that all the RNA of late spermatids is very rapidly concentrated to form these bodies and is extruded because the tails of the mature spermatids (step 16 of spermiogenesis) do not stain with pyronine and never become labeled. This finding suggests that spermatozoa contain very little or no RNA that may be detected by staining or H3-1abeling procedures.
Sertoli Cells
All Sertoli cells incorporate very actively radioactive uridine or cytidine. The silver grains are more frequently distributed evenly over the entire nuclear area but are sometimes more concentrated around the nucleolus and the karyosomes (Figs. 1,  4, 6, 7, 12) . At later intervals after incorporation, the nuclear grains gradually decrease in number and eventually disappear from the nuclei. It was difficult to study the cytoplasmic labeling in Sertoli cells because the borders between Sertoli and germ cells are very poorly defined. Since, furthermore, the nuclear grains decrease in number in the Sertoli cells at the same time when the labeled RNA synthesized in the nuclei of the germ cells around the Sertoli cells appears in the cytoplasm, it was extremely difficult to see whether a transfer of labeled RNA occurs from the cytoplasmic bridges of the Sertoli cells to the germ cells. The occurrence of an exchange of material between germ cells, mediated through the cytoplasmic bridges of the Sertoli cells, has been suggested by a number of authors, as a possible mechanism for the regulation and synchronization of spermatogenesis (4, 5, 11, 15, 20, 37, 38) .
DISCUSSION
The present research has shown that type B spermatogonia have a much lower rate of uridine-H 3 or cytidine-H 3 incorporation into the RNA than type A spermatogonia. A similar low rate of RNA synthesis was observed in resting primary spermatocytes (RPS). Correspondingly, the RNA content of the cytoplasm, as revealed by staining with pyronine, is much higher in type A spermatogonia than in type B and in RPS. In a previous research (25, 26) we found that the process of DNA replication shows a similar pattern: its rate diminishes progressively with the maturation from type A to intermediate to type B spermatogonia. The peculiar nuclear structure of the two types of spermatogonia may possibly account for the differential rate of RNA synthesis. The nuclear structure of the mature, type B spermatogonia is quite coarse, due to the presence of thick chromatin masses lying mainly against the nuclear membrane ("crust-like" spermatogonia), whereas that of the immature, type A spermatogonia is very fine and almost homogeneous ("dust-like" spermatogonia) (Figs. 2, 3, 5, 6 ). Tobias (47) , in an extensive and detailed analysis of the morphology of male germ cells in the gerbil Tatera brantsii draco, has pointed out that the interphase nuclei of premeiotic (type B) spermatogonia are in effect "prophasic" in character, their chromosomes being partially contracted and the DNA condensed even during interphase. 3-his prophasic condition of interphase nuclei of premeiotic spermatogonia arises as a consequence of nuclear conditions after the preceding telophase; i.e., the contracted telophase chromosomes remain partially spiralized. The present observations on the mouse fully confirm Tobias's findings: the development from telophase nuclei of intermediate spermatogonia (at very late tubule stage IV) to interphase nuclei of type B spermatogonia (at stage V) proceeds with very litde structural change. In fact, these two types of nuclei are strikingly similar in structure. This seems, then, to be the mechanism by which the transformation from type A to type B spermatogonia occurs. The same feature applies also to the resting primary spermatocytes. They have a crusty nucleus which closely resembles that of type B spermatogonia, although it is smaller (Fig. 4) , and during the transformation from type B spermatogonia telophase to RPS the chromosomes remain partially contracted. Now, since the RNA is synthesized on the DNA, it seems reasonable to assume that the condensed DNA of type B spermatogonia and RPS is less capable of functioning as a template for RNA synthesis, as was shown to be the case for the highly condensed DNA of late division stages, when RNA synthesis stops (36, 45, 46) . 3-he condensed state of the DNA in type B spermatogonia might also account for the very low rate of DNA synthesis, i.e. very long duration (14.5 hours) of the period for DNA replication (S), and short duration (4.5 hours) of the period after DNA synthesis (G2) in these cells, as compared with type A spermatogonia (25, 26) : the DNA being partially spiralized even during S, the period required for DNA condensation after DNA synthesis must be correspondingly shorter.
As mentioned above, in most tissues the rate of incorporation of RNA precursors declines in early prophase and stops completely from midprophase to midtelophase (36, 45) . The interpretation of this finding is that highly condensed DNA is unable to act as a template for RNA synthesis. In spermatogonia, however, the synthesis of the RNA is exceptionally long. It appears to be a continuous process throughout the cell cycle (generation time V~v~mo Mo~czsi RNA Synthesis in Mouse Testis of about 30 hours), except for a very short interval of 1 hour during metaphase and anaphase when it stops completely. Even very late prophase and prometaphase chromosomes after disappearance of the nucleolus and disintegration of the nuclear membrane are definitely labeled, though less heavily than interphase nuclei. The synthesis resumes in early telophase, before the reappearance of the nuclear membrane and of the nucleolus.
The occurrence of a time lag between nuclear and cytoplasmic labeling, observed for both spermatogonia and spermatocytes, is in line with the results of a number of researches and is interpreted as indicating that the cellular RNA is synthesized in the nucleus and then continuously released from the interphase nucleus into the cytoplasm (13, 14, 21, 33-36, 45, 48, 49) . At variance with what occurs in other systems, e.g. in mammalian tissue culture cells (36, 45) , this transfer process is very slow in this system. The first cytoplasmic radioactivity was detected as late as 4 to 6 hours after administration of the label, and, furthermore, the labeling remains predominantly nuclear up to 12 to 16 hours after injection.
In addition to this slow process of RNA movement from nucleus to cytoplasm which occurs continuously throughout the life span of the cell, a rapid release of chromosomal RNA to the cytoplasm takes place at the time the cell enters metaphase. This is inferred by the observation that as early as 2 hours after injection all metaphase and anaphase figures show a predominantly cytoplasmic labeling that contrasts with the predominantly chromosomal labeling in interphase and prophase cells. This process is probably a major factor for RNA transfer from nucleus to cytoplasm in spermatogonia. Analogous evidence of a rapid dispersion of chromosomal RNA into the cytoplasm at metaphase was obtained, in other systems, by Woods and Taylor (48), Taylor (45), Prescott and Bender (36) , and Feinendegen and Bond (12) . The last authors observed that with the progression of labeled cells through late division stages, the labeling associated with the chromosomes contributes to cytoplasmic RNA, but about one fourth of the label remains associated with the chromosomes even through anaphase. At variance with Woods and Taylor (48) who did not observe RNA-labeled metaphase chromosomes in Vicia faba, LaCour (19) obtained evidence that in Vicia faba and in Trillium cernuum the metaphase chromosomes contain labeled RNA and that in Vicia faba this chromosomal RNA includes probably also the nucleolar material which is transferred during late prophase to the chromosomes. ~Ihe metaphase chromosomes would then be the vehicle that carries the dispersed nucleolar material from prophase to telophase, as hypothesized previously by Mazia (24) .
Surprisingly peculiar is the pattern of RNA synthesis during meiosis. Incorporation of labeled precursors occurs, though at a low rate, during the entire resting phase in primary spermatocytes, before and simultaneously with DNA synthesis (25, 26) , then stops completely for a long interval (about 140 hours, calculated on the basis of the durations of tubule stages IX to XII and I to IV as given by Oakberg, reference 29) during leptotene, zygotene, and all the first half of pachytene stage, and resumes again at an increasing rate throughout the second half of pachytene up to early diplotene (that is, for about 120 hours, corresponding to the durations of stages V to XI of the cycle of the seminiferous epithelium). No incorporation was seen throughout later stages of spermatogenesis, with the exception of a very low rate of uridine-H 3 labeling in a fraction of secondary spermatocytes and early spermatids.
The finding of a lack of RNA synthesis during early meiotic prophase followed by an intense rate of synthesis during late prophase up to early diplotene may be a significant difference between meiosis and mitosis. The picture obtained after staining with pyronine corresponds to the pattern of nuclear RNA labeling. The cytoplasm is very scanty and weakly stained by pyronine, and the nucleolus is either very small or not visible during the premeiotic resting stage, leptotene, and zygotene. Clearly visible nucleoli appear during early pachytene and become larger during late pachytene development, and, simultaneously with the beginning of RNA synthesis or a little in advance, the cytoplasm becomes the more and more abundant and the more stainable with pyronine. The labeling pattern observed at very long intervals after incorporation shows that the RNA actively synthesized in the nuclei becomes gradually accumulated in the cytoplasm during the further course of spermatogenesis, thus accounting for the RNA content in the cytoplasm of early meiotic prophase cells and spermatids which are incapable of RNA synthesis. In late spermatids all the cytoplasmic RNA becomes concentrated to form the residual bodies, which are then extruded from the cytoplasm shortly before the release of spermatozoa into the lumen at tubule stage IX.
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